Chlorophyll retrieval studies using Differential Optical Absorption

Spectroscopy on SCIAMACHY data and comparisons to MERIS

FAX: 0421-218-4555, email: bracher@uni-bremen.de

A. Bracher, M. Vountas, T. Dinter, B. Sierk, J. P. Burrows

University of Bremen, FB 1, Institute of Environmental Physics, P O Box 330440, D-28334 Bremen, Germany;

‘o

S

ENVISAT,

=

v
SCIAMACHY

Ob

ectives

Global models on marine primary production (PPR): Phytoplankton Absorption in Different Important to derive information on

« function of fixed org. carbon to biomass (chl a) & light Biogeochemical Provinces of Atlantic attenuation of underwater
« rarely consider spectral dependency of photosynthesis ~ Southern Ocean in Summer 95/96 components, above all the specific
o phytoplankton  absorption  from

« use ocean color satellite sensors (MERIS, MODIS,
SeaWIFS,...) data on chl a, surface water reflectance
and light penetration depth

satellite data and Vibrational Raman
Scattering (see Vountas et al. 2003)
to improve chl a retrievals from
satellite data and by that also global
primary production estimates:

Synergistic use of the two ENVISAT
instruments with information at 400
to 700 nm:

Limitations to PPR models and chl a from ocean colo:

« No global data set of in situ phytoplankton absorption
spectra are available

Slow sensitivity at low chl a conc.

shapes of phytoplankton or pigment absorption are not
constant (see figure to the right) due to different
photosynthetic pigment composition & packaging

Spectrum from Antarctic Circumpolar Current
(ACC) used in SCIAMACHY DOAS retrieval
explained below; Fig. from Bracher & Tilzer 2001)

Specific absorption varies strongly
for different provinces!

DOAS-method used for ocean optics

MERIS good spatial resolution ~1 km?
SCIAMACHY good spectral resolution ~ 0.2 - 0.4 nm

« Identify Vibrational Raman Scattering (VRS)
and phytoplankton absorption in
SCIAMACHY visible earth spectra by using
the DOAS-method

* Determine phytoplankton slant columns
and VRS fit factors and compare them to
MERIS algal_1 chl a concentrations

Principal Component Analysis

Inherent Optical Properties
for Case-1 Waters as Used in
DOAS Retrievals of
Phytoplankton Slant Columns
and VRS

Retrieval of trace gases (now applied to phytoplankton and VRS) by differential optical absorption
spectroscopy (DOAS, Platt 1994) uses differential absorption signal of the molecular absorber in
the earthshine spectrum. Forming the ratio of earthshine spectrum to extraterrestrial solar
irradiance removes instrumental and Fraunhofer features.

Input:

Absorption cross section for molecular species: photosynthetic pigments*, yellow substance*
(dissolved organic matter, DOM), O,, NO,, H,0-vapor+- liquid* (measured)

Pseudo-absorber: spectrum of atmospheric Ring and VRS in liquid water* (modelled)

*contribute to the inherent optical properties of the water body, as seen in figure to the right
Procedure:

Least squares fit of DOAS equation on Beer's law to observation

Separation of high- and low frequency absorption features by low order polynomial R

Aftenuation (1/m)

- /JMAA&‘[‘M‘“%

w0
Wavelenath (nm)

Output: Slant column density SCD = no. of molec. along average photon path or fit factor

Problems of direct DOAS fitting of phytoplankton

« high correlation of polarisation features and ozone
absorption in Chappius band of ozone

« phytoplankton column not zero over oligotrophic waters if
solar background is used

« in-situ measured cross sections seem to be influenced by
liquid water absorption

Solution: Principle Component Analysis PCA
(see Dinter 2005, Vountas et al. 2005)
« Eigenvector d ition of large dataset of fit residuals
«first principle component included as pseudo-absorber
and accounts for 99% of residual effects

Conclusions

DOAS-Fit from 430 to 500 nm with PCA using

Absorption Spectrum of in situ Phytoplankton
(dominated by dinoflagellates & <20um from Bracher and Tilzer 2001, see first Figure)

DOAS-Fit from 342 to 390 nm with PCA using
Modelled Vibrational Raman Scattering
(VRS) Reference Spectrum from vountas etal. 2005
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Monthly Average of Global Phytoplankton Conc.

Phytoplankton absorption and VRS were
identified in SCIAMACHY spectra when the
DOAS method was applied

Both, SCIAMACHY global phytoplankton slant
columns and VRS fit factor from DOAS-
retrievals compare well to MERIS chl a

At low chl a SCIAMACHY VRS fit DOAS-
retrievals are useful in open ocean waters
(case-1) in addition to other Ocean Color data

in July 2003 around the African Continent

SCIAMACHY from PCA

MERIS algal_1 level-3 product
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from Vountas et al. 2005

vs. Chl a
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With increasing chl a, VRS decreases rapidly
high sensitivity of VRS-it at low chl a
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Global Phytoplankton Concentrations averaged over July 2003

MERIS algal_1 level-3 product
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SCIAMACHY Vibrational Raman Scattering Fit
from Vountas et al. 2005

e

Good qualitative agreement between SCIAMACHY phytoplankton slant column and inverse VRS fit factor, and MERIS algal_1 chl a
Below 35°S SZA at SCIAMACHY July data to high —» here signal to noise ratio to bad

SCIAMACHY DOAS phytoplankton absorption
and Vibrational Raman Scattering fits have
the potential to

« improve the retrieval of marine chl a conc.
and other oceanographic parameters from
satellite data in case-1 waters at regional and
local scales

simprove the retrieval of atmospheric trace
gas concentrations from UV-VIS satellite
spectra

«determine various specific phytoplankton
absorption spectra which require validation
with in situ measured spectra and distinguish
different types of phytoplankton groups by
spectral shape in conjunction with MERIS
Ocean Color data

« provide parameters for global and regional
marine primary production estimates
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gas concentrations from UV-VIS satellite
spectra
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SCIAMACHY DOAS phytoplankton absorption
and Vibrational Raman Scattering fits have
the potential to

« improve the retrieval of marine chl a conc.
and other oceanographic parameters from
satellite data in case-1 waters at regional and
local scales

simprove the retrieval of atmospheric trace
gas concentrations from UV-VIS satellite
spectra

«determine various specific phytoplankton
absorption spectra which require validation
with in situ measured spectra and distinguish
different types of phytoplankton groups by
spectral shape in conjunction with MERIS
Ocean Color data

« provide parameters for global and regional
marine primary production estimates

ces & Acknowledgeme

Bracher A.U., Tilzer M.M. (2001) Underwater light field and phytoplankton absorbance in different surface water masses of the Atlantic Sector of the
Southern Ocean. Polar Biology 24: 687-696.

Dinter T. (2005) unter
Satellitendaten. Diploma Thesis, University of Bremen, Bremen, Germany.
Platt U. (1994) Differential optical absorption spectoscropy (DOAS). In: Air Monitoring by Soectroscopic Techniques, edited by: Sigrist MW., Chemical
Analysis Series 127: 27-84

Vountas M., Richter A, Wittrock ., Burrows J.P. (2003) Inelastic scattering in ocean water and its impact on trace gas retrievals from satelite data.
Atmospheric Chemistry and Physics 3: 1365-1375.

to Applied Optics in Oct. 2005

von Vibr und die anhand von

Vountas M., Dinter T., Sierk B., Bracher A., Burrows J.P. (2005) Chlorophyll retrieval studies using Differential Optical Absorption Spectroscopy. Submitted

We thank ESA and DLR for providing us with SCIAMACHY level-1 data, and ESA and ACRI for MERIS algal_1 level-3 products. This work is funded by
BMBF (SADOS 50EE0027), the University of Bremen and the State Bremen.



Chlorophyll retrieval studies using Differential Optical Absorption

Spectroscopy on SCIAMACHY data and comparisons to MERIS

FAX: 0421-218-4555, email: bracher@uni-bremen.de

A. Bracher, M. Vountas, T. Dinter, B. Sierk, J. P. Burrows

University of Bremen, FB 1, Institute of Environmental Physics, P O Box 330440, D-28334 Bremen, Germany;

‘o

S

ENVISAT,

=

v
SCIAMACHY

Ob

ectives

Global models on marine primary production (PPR): Phytoplankton Absorption in Different Important to derive information on

« function of fixed org. carbon to biomass (chl a) & light Biogeochemical Provinces of Atlantic attenuation of underwater
« rarely consider spectral dependency of photosynthesis ~ Southern Ocean in Summer 95/96 components, above all the specific
o phytoplankton  absorption  from

« use ocean color satellite sensors (MERIS, MODIS,
SeaWIFS,...) data on chl a, surface water reflectance
and light penetration depth

satellite data and Vibrational Raman
Scattering (see Vountas et al. 2003)
to improve chl a retrievals from
satellite data and by that also global
primary production estimates:

Synergistic use of the two ENVISAT
instruments with information at 400
to 700 nm:

Limitations to PPR models and chl a from ocean colo:

« No global data set of in situ phytoplankton absorption
spectra are available

Slow sensitivity at low chl a conc.

shapes of phytoplankton or pigment absorption are not
constant (see figure to the right) due to different
photosynthetic pigment composition & packaging

Spectrum from Antarctic Circumpolar Current
(ACC) used in SCIAMACHY DOAS retrieval
explained below; Fig. from Bracher & Tilzer 2001)

Specific absorption varies strongly
for different provinces!

DOAS-method used for ocean optics

MERIS good spatial resolution ~1 km?
SCIAMACHY good spectral resolution ~ 0.2 - 0.4 nm

« Identify Vibrational Raman Scattering (VRS)
and phytoplankton absorption in
SCIAMACHY visible earth spectra by using
the DOAS-method

* Determine phytoplankton slant columns
and VRS fit factors and compare them to
MERIS algal_1 chl a concentrations

Principal Component Analysis

Inherent Optical Properties
for Case-1 Waters as Used in
DOAS Retrievals of
Phytoplankton Slant Columns
and VRS

Retrieval of trace gases (now applied to phytoplankton and VRS) by differential optical absorption
spectroscopy (DOAS, Platt 1994) uses differential absorption signal of the molecular absorber in
the earthshine spectrum. Forming the ratio of earthshine spectrum to extraterrestrial solar
irradiance removes instrumental and Fraunhofer features.

Input:

Absorption cross section for molecular species: photosynthetic pigments*, yellow substance*
(dissolved organic matter, DOM), O,, NO,, H,0-vapor+- liquid* (measured)

Pseudo-absorber: spectrum of atmospheric Ring and VRS in liquid water* (modelled)

*contribute to the inherent optical properties of the water body, as seen in figure to the right
Procedure:

Least squares fit of DOAS equation on Beer's law to observation

Separation of high- and low frequency absorption features by low order polynomial R

Aftenuation (1/m)

- /JMAA&‘[‘M‘“%

w0
Wavelenath (nm)

Output: Slant column density SCD = no. of molec. along average photon path or fit factor

Problems of direct DOAS fitting of phytoplankton

« high correlation of polarisation features and ozone
absorption in Chappius band of ozone

« phytoplankton column not zero over oligotrophic waters if
solar background is used

« in-situ measured cross sections seem to be influenced by
liquid water absorption

Solution: Principle Component Analysis PCA
(see Dinter 2005, Vountas et al. 2005)
« Eigenvector d ition of large dataset of fit residuals
«first principle component included as pseudo-absorber
and accounts for 99% of residual effects

Conclusions

DOAS-Fit from 430 to 500 nm with PCA using

Absorption Spectrum of in situ Phytoplankton
(dominated by dinoflagellates & <20um from Bracher and Tilzer 2001, see first Figure)

DOAS-Fit from 342 to 390 nm with PCA using
Modelled Vibrational Raman Scattering
(VRS) Reference Spectrum from vountas etal. 2005

02 . " 00028 i 0004 |
with high phytoplankton with low chi a.
- biomass (chl a) oo | VRS fit over land
| o ooz | I
oms [
i o o] ‘
Z‘“‘“‘ ooom | - aoon| 1Y
o asn| oan sm| VRS fitover the ocean |
-
) one | il atlow chla
| - o ‘
ana
el i R i ook e % T T
Wavelengh (1m) Wavelength (om) Wavelengih (v L

clear differential signal from photosynthetic pigments clear differential signal from VRS at low chl a,

no signal over land

VRS Fit Factor

VRS Fit Factor

Monthly Average of Global Phytoplankton Conc.

Phytoplankton absorption and VRS were
identified in SCIAMACHY spectra when the
DOAS method was applied

Both, SCIAMACHY global phytoplankton slant
columns and VRS fit factor from DOAS-
retrievals compare well to MERIS chl a

At low chl a SCIAMACHY VRS fit DOAS-
retrievals are useful in open ocean waters
(case-1) in addition to other Ocean Color data

in July 2003 around the African Continent

SCIAMACHY from PCA

MERIS algal_1 level-3 product

from SCIAMACHY

from Vountas et al. 2005

vs. Chl a

from Vountas et al. 2005

o
o)

VRS filng in 0%)

[ T 0
5

With increasing chl a, VRS decreases rapidly
high sensitivity of VRS-it at low chl a

http://www.enviport.orgimeris

Global Phytoplankton Concentrations averaged over July 2003

MERIS algal_1 level-3 product

s vers
Gt oMol g 5

SCIAMACHY Phytoplankton Slant Columns

SCIMACHYDOAS(0C_CHL O1. My 20033,y 2080

SCIAMACHY Vibrational Raman Scattering Fit
from Vountas et al. 2005

e

Good qualitative agreement between SCIAMACHY phytoplankton slant column and inverse VRS fit factor, and MERIS algal_1 chl a
Below 35°S SZA at SCIAMACHY July data to high —» here signal to noise ratio to bad

SCIAMACHY DOAS phytoplankton absorption
and Vibrational Raman Scattering fits have
the potential to

« improve the retrieval of marine chl a conc.
and other oceanographic parameters from
satellite data in case-1 waters at regional and
local scales

simprove the retrieval of atmospheric trace
gas concentrations from UV-VIS satellite
spectra

«determine various specific phytoplankton
absorption spectra which require validation
with in situ measured spectra and distinguish
different types of phytoplankton groups by
spectral shape in conjunction with MERIS
Ocean Color data

« provide parameters for global and regional
marine primary production estimates
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Global models on marine primary production (PPR): Phytoplankton Absorption in Different Important to derive information on

« function of fixed org. carbon to biomass (chl a) & light Biogeochemical Provinces of Atlantic attenuation of underwater
« rarely consider spectral dependency of photosynthesis ~ Southern Ocean in Summer 95/96 components, above all the specific
o phytoplankton  absorption  from

« use ocean color satellite sensors (MERIS, MODIS,
SeaWIFS,...) data on chl a, surface water reflectance
and light penetration depth

satellite data and Vibrational Raman
Scattering (see Vountas et al. 2003)
to improve chl a retrievals from
satellite data and by that also global
primary production estimates:

Synergistic use of the two ENVISAT
instruments with information at 400
to 700 nm:

Limitations to PPR models and chl a from ocean colo:

« No global data set of in situ phytoplankton absorption
spectra are available

Slow sensitivity at low chl a conc.

shapes of phytoplankton or pigment absorption are not
constant (see figure to the right) due to different
photosynthetic pigment composition & packaging

Spectrum from Antarctic Circumpolar Current
(ACC) used in SCIAMACHY DOAS retrieval
explained below; Fig. from Bracher & Tilzer 2001)

Specific absorption varies strongly
for different provinces!

DOAS-method used for ocean optics

MERIS good spatial resolution ~1 km?
SCIAMACHY good spectral resolution ~ 0.2 - 0.4 nm

« Identify Vibrational Raman Scattering (VRS)
and phytoplankton absorption in
SCIAMACHY visible earth spectra by using
the DOAS-method

* Determine phytoplankton slant columns
and VRS fit factors and compare them to
MERIS algal_1 chl a concentrations

Principal Component Analysis

Inherent Optical Properties
for Case-1 Waters as Used in
DOAS Retrievals of
Phytoplankton Slant Columns
and VRS

Retrieval of trace gases (now applied to phytoplankton and VRS) by differential optical absorption
spectroscopy (DOAS, Platt 1994) uses differential absorption signal of the molecular absorber in
the earthshine spectrum. Forming the ratio of earthshine spectrum to extraterrestrial solar
irradiance removes instrumental and Fraunhofer features.

Input:

Absorption cross section for molecular species: photosynthetic pigments*, yellow substance*
(dissolved organic matter, DOM), O,, NO,, H,0-vapor+- liquid* (measured)

Pseudo-absorber: spectrum of atmospheric Ring and VRS in liquid water* (modelled)

*contribute to the inherent optical properties of the water body, as seen in figure to the right
Procedure:

Least squares fit of DOAS equation on Beer's law to observation

Separation of high- and low frequency absorption features by low order polynomial R

Aftenuation (1/m)
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Output: Slant column density SCD = no. of molec. along average photon path or fit factor

Problems of direct DOAS fitting of phytoplankton

« high correlation of polarisation features and ozone
absorption in Chappius band of ozone

« phytoplankton column not zero over oligotrophic waters if
solar background is used

« in-situ measured cross sections seem to be influenced by
liquid water absorption

Solution: Principle Component Analysis PCA
(see Dinter 2005, Vountas et al. 2005)
« Eigenvector d ition of large dataset of fit residuals
«first principle component included as pseudo-absorber
and accounts for 99% of residual effects

Conclusions

DOAS-Fit from 430 to 500 nm with PCA using

Absorption Spectrum of in situ Phytoplankton
(dominated by dinoflagellates & <20um from Bracher and Tilzer 2001, see first Figure)

DOAS-Fit from 342 to 390 nm with PCA using
Modelled Vibrational Raman Scattering
(VRS) Reference Spectrum from vountas etal. 2005
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retrievals compare well to MERIS chl a

At low chl a SCIAMACHY VRS fit DOAS-
retrievals are useful in open ocean waters
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Good qualitative agreement between SCIAMACHY phytoplankton slant column and inverse VRS fit factor, and MERIS algal_1 chl a
Below 35°S SZA at SCIAMACHY July data to high —» here signal to noise ratio to bad

SCIAMACHY DOAS phytoplankton absorption
and Vibrational Raman Scattering fits have
the potential to

« improve the retrieval of marine chl a conc.
and other oceanographic parameters from
satellite data in case-1 waters at regional and
local scales

simprove the retrieval of atmospheric trace
gas concentrations from UV-VIS satellite
spectra

«determine various specific phytoplankton
absorption spectra which require validation
with in situ measured spectra and distinguish
different types of phytoplankton groups by
spectral shape in conjunction with MERIS
Ocean Color data

« provide parameters for global and regional
marine primary production estimates
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the earthshine spectrum. Forming the ratio of earthshine spectrum to extraterrestrial solar
irradiance removes instrumental and Fraunhofer features.

Input:

Absorption cross section for molecular species: photosynthetic pigments*, yellow substance*
(dissolved organic matter, DOM), O,, NO,, H,0-vapor+- liquid* (measured)
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Problems of direct DOAS fitting of phytoplankton

« high correlation of polarisation features and ozone
absorption in Chappius band of ozone

« phytoplankton column not zero over oligotrophic waters if
solar background is used

« in-situ measured cross sections seem to be influenced by
liquid water absorption

Solution: Principle Component Analysis PCA
(see Dinter 2005, Vountas et al. 2005)
« Eigenvector d ition of large dataset of fit residuals
«first principle component included as pseudo-absorber
and accounts for 99% of residual effects

Conclusions

DOAS-Fit from 430 to 500 nm with PCA using

Absorption Spectrum of in situ Phytoplankton
(dominated by dinoflagellates & <20um from Bracher and Tilzer 2001, see first Figure)
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Good qualitative agreement between SCIAMACHY phytoplankton slant column and inverse VRS fit factor, and MERIS algal_1 chl a
Below 35°S SZA at SCIAMACHY July data to high —» here signal to noise ratio to bad

SCIAMACHY DOAS phytoplankton absorption
and Vibrational Raman Scattering fits have
the potential to

« improve the retrieval of marine chl a conc.
and other oceanographic parameters from
satellite data in case-1 waters at regional and
local scales

simprove the retrieval of atmospheric trace
gas concentrations from UV-VIS satellite
spectra

«determine various specific phytoplankton
absorption spectra which require validation
with in situ measured spectra and distinguish
different types of phytoplankton groups by
spectral shape in conjunction with MERIS
Ocean Color data

« provide parameters for global and regional
marine primary production estimates
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